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Abstract. In this paper we propose an alternative probabilistic protocol for
relaying wireless network. Usually, the communication protocols are designed
to be deterministic when it comes to the order of retransmission from the
communication nodes. In contrast, we propose an alternative probabilistic
protocol where the retransmitting nodes are chosen probabilistically, and
which allows easier performance optimization. Using Monte Carlo
simulations, we will show at which location of the Relay do we get the best
performance. Due to energy consuming concern and due to lower complexity
advantage, as required in technologies such as Internet of Things (IoT), we will
consider the case when Relay works on the Demodulate-and-Forward (DMF)
mode, while for the destination we focus on the case when the receiver
performs combining.
Keywords: Relaying Network, Cooperative Communication, Wireless Channel,
Communication Protocol, Finite State Markov Chain (FSMC), AutomaticRepeat Request Protocol (ARQ)

1 Introduction
The wireless channel can provide limited data rate, due to various physical
phenomena such as path-loss, fading, interference, etc., which affect greatly the
quality of the received signal. These phenomena can be contrasted using cooperative
diversity techniques [1] (transmission of the same signal from multiple stations) and
using time diversity techniques (retransmission of the same signal from the same
station). The strategy of cooperative diversity allows us to use Relays as alternative
nodes for retransmitting the same signal to the Destination, while the strategy of time
diversity relies on Automatic Repeat reQuest (ARQ) protocol. So, our goal is to study
the interplay between relaying protocols and ARQ in presence of channel coding.
Starting with the Finite State Machines (FSM) and Finite State Markov Chains
(FSMC) analysis of a deterministic protocol on a simple relaying network, in [2] there
is shown a concept of FSMC simplification analysis, thus landing on a concept of
probabilistic protocols [3,4], where the retransmitting nodes are chosen

probabilistically, and which allows easier performance optimization. But, since on the
introduced protocols in [3,4], the number of maximum allowed retransmissions is not
limited, then in this paper we have introduced an alternative probabilistic protocol
where the maximum number of retransmissions is limited.
The paper is organized as follow: In Section 2 we will show the idea of probabilistic
protocols as an alternative to deterministic protocols, in Section 3 we will introduce
the alternative probabilistic protocol, in Section 4 we will provide numerical results
using Monte Carlo simulations, where we will try to show at which location of the
Relay and for which number of repetitions do we get the best trade-off between the
probability of error and the number of repetitions. Finally, Section 5 draws
conclusions.

2 The system model
The network that we will consider contains one source (S), one relay (R), and one
destination (D), as it is shown in the Figure 1.

Fig. 1. Relaying topology on the simplest example

In the above scheme of Figure 1, we can define any retransmission protocol. Usually,
the retransmission protocols are deterministic, but interesting ideas of probabilistic
protocols (where the retransmitting node is chosen with certain probability) are
presented in [2,3,4], where Finite State Machines (FSM) are used as tools for
analyzing cooperative communication protocols. The FSM enters a state in each timeslot. The state determines the action that is going to be taken during the time-slot. The
outcome of the action determines the transition to the next state.

3 The alternative probabilistic protocol
The probabilistic protocol can be defined using a four-state Finite State Machine
(FSM). The definition of the states of the FSM is given in Table 1, where VS - is a
control variable that can take values 0 or 1; X - is a counter that can take values from

0 to AB; and, W - is indicator for the last control message by the destination at
previous time slot.
Table 1. Definition of states in the alternative probabilistic protocol
State name
0
1
2
3

State definition

Next action
S transmits new PDU
S transmits new PDU
R retr. the same PDU
S retr. the same PDU

The scheme of alternative probabilistic protocol implemented on the transmitter is
given in Figure 2.

Fig. 2. Scheme of the transmitter FSM of the probabilistic alternative protocol

The probabilistic alternative protocol works as follow: initially, the protocol is on
State 0 (if the previous PDU was decoded correctly on the decoder, so W=ACK) or
on State 1 (if the previous PDU was not decoded correctly and the transmitter has not
grant of retransmitting anymore the same PDU, so W=NACK). In both cases, the
control variable VS takes the value VS=1, and the counter has a null value, X=0,
because up to this time no transmission has happened for this new PDU. After the
first transmission of a PDU, if the decoder succeeds than the protocol transits to State
0, but if the decoder fails then the protocol enters the re-transmission phase. But,
every time the protocol gets NACK from the destination, before the transition to any
state, it asks whether X<AB. If the condition is fulfilled, then the protocol could
transit to State 2 (associated with the retransmissions from Relay) with probability (1γc) or on State 3 (associated with the retransmissions from Source) with probability γc.
When the protocol is on State 2, the control variable V S takes the value VS=0, the
counter X increases the value by one, and the Relay retransmits the same PDU, but

when the protocol is on State 3, the control variable V S takes the value VS=1, the
counter X increases the value by one, and the Source retransmits the same PDU. The
cycle described above repeats until the destination issues ACK or the maximum
number of transmissions allowed for the same PDU is reached (X=AB).

4 Numerical results
For simulation of the probabilistic alternative protocol, we consider various locations
of the Relay between S and D. The Relay is considered to work on DMF mode. The
channels S-D, S-R and R-D are assumed to be Gaussian channel with zero-mean and
variance N0, and suffering also from fully-interleaved fading. We consider 16-QAM
modulation and path-loss factor α=2.4, while as a channel code we use Convolutional
Code with code rate Rc=1/3. All the transmitting nodes use the same energy per
symbol, Es=1, and the maximum number of transmissions for the same PDU is
limited to 6, where the receiver performs Chase combining [5].
Figure 3 represent the PER as a function of receive Eb/N0 on the channel S-D for
various values of γc, and which shows that the lowest PER is achieved with γc =1
(meaning that Source always will retransmit). The curves obtained with γc =0.95 and
γc =1 are almost superimposed and thus representing the best performance.

Fig. 3. PER of alternative probabilistic protocol, dSR/dSD=0.50

Figure 4 represent the average number of transmissions per PDU (T̄), as a function of
receive Eb/N0 at the channel S-D for various values of γc, where we see that on the
very bad region the lowest T̄ is achieved with γc =0.65, and as the channel improves
(for Eb/N0>1.2 dB) the best T̄ is achieved with γc =0.

Fig. 4. Average number of transmissions per PDU (T̄), dSR/dSD=0.50

In Figure 5 there is shown the Goodput (in percentage of maximum value that
Goodput can take) as a function of receive Eb/N0 on the channel S-D for various
values of γc. We see that when the channel is bad, the highest Goodput is achieved
with γc =0.85 and the lowest Goodput is achieved with γc =0, and when the channel is
good the curves switch the positions from worst to the best and vice versa, with the
switching point occuring around Eb/N0=1 dB.

Fig. 5. Goodput for different values of γc, dSR/dSD=0.50

In Figure 6 there is shown the Goodput as a function of receive Eb/N0 on the channel
S-D, when the Relay is located in various distances on the path S-D. We see that on
the very bad channel, the highest performance it is achieved with γc=0 and when
Relay is located close to the Source. As the channel improves, we see that in order to
obtain the highest performance, we need to move the Relay toward the Destination.

Fig. 6. Comparison of Goodput for various location of the Relay

5 Conclusions
In this paper we have introduced an alternative probabilistic protocol, where the
retransmitting node is chosen with certain probability, while the maximum number of
retransmissions for the same PDU is limited. Using a four states FSM to model the
protocol behavior, it is easy to simulate and determine the best Relay location that
brings the highest diversity. By varying the Relay location, there is only one
parameter that needs to be adjusted for finding the best performance.
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